Foraging in groups provides many benefits that are not necessarily experienced the same way by all individuals. I explore the possibility that foraging mode, the way individuals exploit resources, varies as a function of spatial position in the group, reflecting commonly occurring spatial differences in predation risk. I show that semipalmated sandpipers (Calidris pusilla), a social foraging avian species, tended to adopt a riskier foraging mode in the central, more protected areas of their groups. Central birds effectively used the more peripheral group members as sentinels, allowing them to exploit a wider range of resources within the same group at the same time. This finding provides a novel benefit of living in groups, which may have a broad relevance given that social foraging species often exploit a large array of resources.
Introduction
Foraging in groups occurs widely in animals and provides benefits on several fronts. In terms of foraging, for instance, group foragers can encounter resources more frequently [1] and capture a broader array of prey [2] . In terms of predation risk, living in groups allows individuals to reduce their investment in costly antipredator vigilance in response to enhanced threat detection and risk dilution [3] .
The benefits of foraging in groups are not necessarily experienced similarly by all group members. In particular, the spatial arrangement of foragers often leads to gradients within the group in predation risk and food availability [4] . For example, individuals at the edges of a group are often first in line during an attack, providing a layer of protection to those further inside. This decrease in predation risk from the outer to the inner parts of a group can explain why individuals at the centre of a group tend to invest relatively less in antipredator vigilance [5] . However, foragers at the edges of a group often have access to resources first and may face less competition than those in central positions, increasing their foraging efficiency [6] . Such considerations suggest that there may be optimal positions in the group for different types of foragers [7, 8] . Hungrier foragers would thus prefer the edges of a group, whereas more vulnerable individuals would settle in the safer, central positions.
Foraging mode, the way individuals exploit resources, may also vary as a function of spatial position in the group. Spatial differences in foraging mode have been reported before, but typically reflect foraging constraints. For instance, foragers at the edges of the group can disturb prey or reduce the availability of resources, forcing central companions to change their diet or alter their food search tactics [9, 10] . However, an association between foraging mode and spatial position may also reflect adaptive choices. This appears to be the case in systems where some individuals produce resources and others exploit their discoveries [11] . In these systems, the producers tend to occur at the edges of the group to increase food finding, whereas scroungers occupy more central positions to be within easier reach of the producers [12, 13] . Foraging mode can also conceivably influence predation risk by altering the ability to detect predation threats. mostly maintained down should impair threat detection by increasing visual occlusion [14] . The occurrence of a spatial gradient in predation risk within a group should thus allow foragers to select a riskier foraging mode, one that reduces threat detection and potentially allows access to other types of resources, in the centre of their groups.
I examined this novel hypothesis in groups of foraging semipalmated sandpipers (Calidris pusilla) at a stopover site. Sandpipers exploit two types of resource that require different foraging modes. When skimming, individuals maintain the bill close to the substrate to extract minute food items by touch [15, 16] . By contrast, probing for larger burrowing invertebrates requires a visual search that allows individuals to keep the head up when searching. Sandpipers can accumulate fat reserves rapidly when burrowing invertebrates are readily available, but use skimming prominently in some years and areas [16] , suggesting that the two modes may provide substantial benefits to sandpipers. I predicted that skimming, the riskier foraging mode, should occur more frequently in the centre of a group, showing that living in groups may allow foragers to exploit two types of resources at the same time within the same group.
Material and methods
I carried out observations from late July to early August 2012 during the peak of fall migration in the Shepody area of the upper Bay of Fundy, New Brunswick, Canada (45.738 N, 64.658 W). I monitored a 300 m Â 150 m stretch of mudflat for about 2 h each day as the tide receded. The mudflat is bordered by wooded cover from which falcons (Falco spp.) launch surprise attacks. Flocks were filmed with a 60Â digital camcorder from vantage points close to the birds.
After leaving nearby roosting sites, which include up to 100 000 individuals, birds aggregated in distinct flocks at the tideline and remained in the same patch for several minutes before breaking up or joining other flocks. I monitored from two to four flocks each day. In each flock, I zoomed in on focal birds selected haphazardly from those present. Each focal observation lasted about 45 s or until the bird left the flock or was lost from sight. I videotaped several focal birds in succession alternating between the periphery, where birds have no neighbours within a semicircle of 1808 on one side, and the centre of the flock, where birds have neighbours on all sides.
After the flock moved away, I sampled the foraging patch to determine the density of one of their main invertebrate prey, Corophium volutator. I took one sample using a circular corer (104 cm 2 ) pressed into the sediment to the top of the anaerobic layer (approx. 5 -10 cm). Contents were sieved through a 0.85-mm sieve, which retains the large individuals preferentially selected by sandpipers at this time of year [17] . Given that birds revisit the same sites several times during stopover, the density of Corophium after one visit probably reflects the general density available in that patch on a given day.
From the videotapes, I determined the foraging mode adopted by each focal bird, probing or skimming, and estimated the distance, in bird length units (one unit % 10 cm), to the nearest two neighbours at the beginning of each focal observation. Using a random subset of video focal samples from probing and skimming birds (25 each), I calculated the percentage of the focal observation each bird spent with the bill pointing straight down at, or touching the substrate.
Using the whole dataset, I used a generalized linear model with binomial error and logit link to analyse the odds of skimming for a focal bird as a function of the logarithm base 10 of food density and position in the flock. The flock id was used as a random factor and the duration of a focal observation was added to the model as an offset. With the subset of random samples, I compared the percentage of time spent head down with a t-test for independent samples and unequal variances. To examine the nearest neighbour distances, I used a mixed linear model, with flock id as a random factor and log food density, foraging mode and distance to wooded cover as independent variables. This analysis was restricted to focal samples taken from the centre of a flock as skimming occurred primarily there. 
Results

Discussion
Skimming and probing are two distinct foraging modes in sandpipers. Birds spent more time head down when skimming than probing. Probing occurred at a much lower density than skimming, consistent with the view that probing is a visual search mode for burrowing invertebrates that requires individuals to spread apart to reduce foraging interference [18] . By contrast, the more tactile foraging mode associated with skimming is compatible with foraging on readily available but minute items occurring at the surface of the mudflat [15, 16] .
The head down position in foraging animals has been associated with a reduction in the ability to detect peripheral stimuli, for instance predation threats [19, 20] . Skimming, which involves long bouts with the head down, thus represents a riskier foraging mode than probing. I found that skimming rsbl.royalsocietypublishing.org Biol Lett 9: 20130528 was more likely to occur in the centre than at the edges of a flock. This spatial correlation implies that different social foragers within the same group can adopt two distinct foraging modes at the same time, each associated with a distinct location in the group. Individuals adopt the riskier foraging mode only when protected by companions at the edges of the group, which are first in line when falcons attack. Peripheral companions thus act unwittingly as sentinels, allowing central birds to exploit a broader range of resources.
The lack of association between skimming and the density of one burrowing invertebrate prey type available to probing birds suggests that skimming is adopted opportunistically by central foragers. Alternatively, it may be argued that central birds are constrained to adopt skimming. This hypothesis seems unlikely in sandpipers. Flocks of sandpipers forage in many parts of the mudflat and follow the receding tide, making it very unlikely that only central birds have access to the type of food that requires skimming. When feeding on burrowing invertebrates, central birds can capture food at a higher rate than peripheral companions [21] . These results suggest that central birds adopt the riskier foraging mode not because they are forced to do so but because they can. This is not the case in other studies that have reported spatial differences in foraging mode. For instance, central birds may be forced to use a different foraging mode or eat different types of food because foragers at the edges disturb or reduce the availability of prey for those in the centre [9, 10] .
In a closely related species, up to 68% of the daily energy requirements during migration (maintenance and fattening: [17] ) can be met with a similar foraging mode. This feeding mode can thus provide substantial benefits. More work is needed with sandpipers to determine how much energy skimming provides relative to burrowing invertebrates. The fact that skimming is used prominently in some years and areas [16] suggests that skimming may be beneficial and explain why this foraging mode may be selected.
The existence of alternative foraging modes is firmly established across species. I show here that the spatial gradient in predation risk that arises within a group allows social foragers to adopt a riskier foraging mode in the central, more protected areas of their groups, and thus to exploit a broader range of resources within the same group. This finding provides a context for the existence of alternative foraging modes within a species and represents a novel benefit of living in groups, which may be relevant for other social foraging species often known to exploit a large array of resources [22] . The findings are also relevant to mixed-species foraging groups [23] . Species that use an inherently riskier foraging mode may be able to join mixed-species foraging groups by occupying more central positions, thus getting the safety benefits from foraging in groups while maintaining their typical foraging mode.
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